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Introduction
A necessary Magneto-Inductive Remote Activation Munition System (MI-RAMS) design change by the U.S. Army Research Laboratory (ARL) rendered obsolete a large number of previously built arming tabs (a flat hinged handle, which is lifted up and rotated in order to arm the MI-RAMS device). An MI-RAMS contractor proposed a simple change to the tab spring (a small curved spring, which interacts with the arming tab) that would allow the obsolete parts to be used "as is" and avoid significant cost and system delivery impact. ARL was tasked to plan and execute qualification testing of the proposed tab spring change to supplement the limited testing that had been performed by the contractor.
Test Plan for 0.025-in Thick Tab Spring 11753008
The following is the test plan used in this effort:
1. All testing was conducted at room temperature as the change in mechanical properties for the 17-7 RH 950 material from cold to hot usage limits (-30 to +135 °F) is not significant for this application.
2. We installed the unit under test (UUT), a rotor with a 0.025-in thick tab spring 11753008, an arming tab, and a spring pin, into a RAMS-B receiver lid with a spacing washer and an E-clip.
3. We then clamped the lid in a vise, positioned the rotor in the "Armed" position and the arming tab in the "down against the lid" position.
4. We checked for proper arming tab height (0.100 in maximum above the "hump" of the interlock spring-see figure 1 ) and recorded the initial value. 5. We rotated the arming tab 180° and then put it back to the "down against the lid" position.
6. The process was repeated for 2000 cycles, though we only repeated step 4 every 25 cycles. 
Test Data to be Recorded
These steps outline the test data that was required by the test plan.
1. We recorded the arming tab height at beginning and end of test.
2. If a step 4 failure occurred (see test plan in section 2), we noted the approximate number of cycles at which failure occurred.
3. We disassembled * the UUT and performed a visual inspection of all parts for any signs of distress or failure.
4. We inspected the tab spring 11753008 for conformance with red features on the drawing in figure 3 . 5. We then took photos as required to support test analysis and conclusions.
* The spring pins could not be removed from the rotors so one of the trunnions had to be sawed off in order to remove the tab springs.
Notes on Test Hardware, Test Rationale, and Photo-documentation
1. In order to expedite the testing, the black oxide coating, which is normally applied to the tab springs following heat treatment, was omitted as it has no effect on performance. In accordance with the pending waiver RAMS1057W (included at end of this report) allowing the use of the thinner tab springs, the glass beading was omitted and the optional dry film lubrication was applied.
2. The "Old" or "New" designation refers to the arming tab design used in the test items. The profile of the "Old" design around the pin end was creating interference with the 0.040-inthick spring; whereas, the profile of the "New" design around the pin end does not have this problem.
3. The "New" arming tabs were included in the tests to verify that the thinner tab springs were stiff enough to ensure that the "New" arming tabs would perform properly. Even though limited quantities of "New" arming tabs with the thicker tab springs have worked well, there is still the possibility that the thicker tab springs can lead to wear on the arming tabs when units are used several times. This wear can then lead to failure of the arming tab. In order to expedite the testing, it was necessary to use "New" arming tabs, which had not been hard-anodized.
4. Technical difficulties with the photo equipment resulted in a decision to proceed with testing without any pre-or during-test photo-documentation.
Test Data
This section lists the test data from the different configurations of the UUT.
UUT 1, "Old" #1
1. Arming tab height at beginning and end of test:
• Beginning: 0.121 in above the hump
• End of test: 0.121 in above the hump 2. If a step 4 failure occurred, we noted the approximate number of cycles at which failure occurred:
• Failed prior to cycle 1-the unit was 0.021 in out of specification as received.
• The Failure is due to tolerance stackup issue of UUT parts rather than anything specific to the new tab spring.
Disassembly and inspection of the UUT:
• No signs of distress or failure.
4. Inspection data for tab spring 11753008:
• T = 0.022 6 Figure 5 . Post-test photo 2 for the UUT 1, "Old" #1 test.
UUT 2, "Old" #2
1. Arming Tab height at beginning and end of test:
• Beginning: 0.020 in above the hump
• End of test: 0.020 in above the hump 2. If a step 4 failure occurred, we noted the approximate number of cycles at which failure occurred:
• It did not fail.
Disassembly and inspection of the UUT:
• T = 0.022
• H = 0.067
Figures 6 and 7 show the post-test photos for the UUT 2, "Old" #2 test. Figure 6 . Post-test photo 1 for the UUT 2, "Old" #2 test.
Figure 7. Post-test photo 2 for the UUT 2, "Old" #2 test.
UUT 3, "New" #1
• Beginning: 0.020 in below the hump
• End of test: 0.021 in above the hump 2. If a step 4 failure occurred, we noted the approximate number of cycles at which failure occurred:
Disassembly and inspection of the UUT:
• T = 0.022 9 Figure 9 . Post-test photo 2 for the UUT 3, "New" #1 test.
UUT 4, "New" #2
1. Arming Tab height at beginning and end of test.
• Beginning: 0.028 in below the hump
• End of test: 0.031 in above the hump 2. If a step 4 failure occurred, we noted the approximate number of cycles at which failure occurred:
Disassembly and inspection of the UUT:
• H = 0.073
• L = 0.747
Figures 10 and 11 show the post-test photos for the UUT 4, "New" #2 test. 2. The "old" arming tabs with the hard-anodized finish showed no signs of wear other than some surface anomalies at the interface line where the black and red surfaces meet and some discoloration or burnishing of the entire bearing surface, which rubs against the tab spring. The tab springs from these two UUTs also had discoloration and burnishing on the bearing surface, which is centered along the crest of the curved spring.
3. The before and after height measurements of "Old" arming tabs (no change) validate the visual inspection results. The fact that one of the "Old" arming tabs failed the height limit before and after the testing will be discussed in section 8.
4. The absence of wear supports the decision to eliminate glass beading of the tab spring surface, since this process creates a matte finish, which in the past has led to significant wear on hard-anodized arming tabs after only a few cycles. The absence of wear also supports the decision to use the dry film lubricant to improve the rotary action and prevent wear.
5. The tab spring inspection data revealed one spring that was 0.002 in too long and 0.003 in below the minimum height, and the other was 0.001 in below the minimum height. Since we have no pre-test data for these two springs, we have no way of determining if they changed during the testing or were out of spec before. In either case, they are acceptable as far as form fit and function at the next assembly level. We did get limited data from MISL-USA on a sample of five tab springs from the same build lot (T = 0.024 for all; H=0.076, 0.076, 0.074, 0.071, and 0.068).
"New" Arming Tabs with 0.025-in-thick Tab Springs
1. The new 0.025-in-thick tab springs performed flawlessly with the "New" arming tabs. There were no spring-related problems and the thinner spring design provided sufficient force to maintain the arming tab in its proper position.
2. There was a significant change in the before and after height measurements of both "New" arming tabs (0.041 in for #1 and 0.059 in for #2). As shown in the photos (figures 8-11), this is a result of the wearing away of the bare aluminum surface of the arming tabs and the subsequent build-up of this aluminum on the bearing surface of the tab springs. Thickness measurements showed this build-up to be 0.002 inches in the areas shown in the photos. 2. The proposed waiver RAMS1057W should be revised to allow the use of the 0.025-in tab spring with both the "Old" and the "New" design arming tab.
3. The waiver should be further revised to add the following caveat to apply only for use with "Old" design arming tabs:
• At the applicable higher assembly level, where the measurement is made for proper arming tab height when in the "Armed" position (0.100 in maximum above the "hump" of the Interlock Spring-see figure 13 ), assemblies that exceed the 0.100 in maximum limit shall be acceptable provided there is adequate overlap of the opening in the center of the arming tab with the "hump" of the interlock spring to prevent inadvertent rotation of the arming tab and rotor. 
